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 *
Abstract
This paper analyzes experimentally if psychological traits and cognitive biases affect trading behaviour and
performance. Based on the answers of 67 subjects to a psychological questionnaire we measured their degree of
overconfidence, impulsiveness and self-monitoring, and their availability, representativeness and confirmation
biases. The 67 subjects also participated in an experimental financial market, in the spirit of Plott and Sunder
(1988). We find that impulsive subjects tend to place more orders but do not incur larger losses. We also find
that overconfident subjects and subjects prone to the confirmation and representativeness biases have a greater
tendency to place unprofitable orders. This negative impact of cognitive biases on trading performance is sronger
when subjects have acquired some experience of the game. This suggests that biased subjects engage in improper
learning.
*  Biais is from IDEI at Toulouse University, Hilton and Mazurier are from the Social Psychology Department at Toulouse
University, and Pouget is from Toulouse University and CSEF, Salerno University.5
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Dv idu dv revhuydwlrq lv frqfhuqhg/ hfrqrplvwv riwhq irfxv rq wkh lqsxwv +wkh
vlwxdwlrq/ wkh rssruwxqlwlhv/ wkh jdph/ wkh lqirupdwlrq vhwv/ hwf111, dqg wkh
rxwsxwv +wkh revhuyhg dfwlrqv,1 Uhjduglqj wkh olqn ehwzhhq lqsxwv dqg rxw0
sxwv/ l1h1 wkh uhdvrqlqj dqg fkrlfh surfhvv ri wkh djhqwv/ hfrqrplvwv prvw
riwhq uho| rq wkhru| dqg uduho| irfxv rq revhuydwlrqv1 Lq frqwudvw zlwk wklv
udwkhu ehkdylrxulvw dssurdfk/ sv|fkrorjlvwv froohfw revhuydwlrqv rq phqwdo
surfhvvhv/ e| phdqv ri h{shulphqwdwlrq/ txhvwlrqqdluhv dqg lqwhuylhzv1 Wkh
suhvhqw sdshu lv d suholplqdu| hqghdyrxu wr uhodwh _sv|fkrorj| gdwd% +fro0
ohfwhg wkurxjk shuvrqdolw| txhvwlrqqdluhv, dqg _hfrqrplfv gdwd% +froohfwhg
lq dq h{shulphqwdo ￿qdqfldo pdunhw,1
Zkloh plfur~hfrqrplfv r￿huv dq hohjdqw dqg srzhuixo iudphzrun zlwklq
zklfk kxpdq lqwhudfwlrqv fdq eh dqdo|}hg/ lw lv qrw reylrxv zkhwkhu dqg
krz kxpdq vxemhfwv frph wr sod| htxloleulxp vwudwhjlhv ru pd{lpl}h suri0
lwv1 H{shulphqwdo hfrqrplfv kdv vkhg oljkw rq wklv lvvxh1 Lw kdv lghqwl￿hg
vlwxdwlrqv zkhuh wkh suhglfwlrqv ri hfrqrplf wkhru| duh riwhq uhmhfwhg/ iru
h{dpsoh zkhq vxemhfwv dfw edvhg rq qrwlrqv ri idluqhvv wkdw duh eh|rqg
wkh vfrsh ri wkh jdph +vhh Fdphuhu/ 4<<:,1 Lw dovr kdv lghqwl￿hg frqwh{wv
zkhuh plfur~hfrqrplfv vrphwlphv r￿hu d udwkhu vdwlvidfwru| ghvfulswlrq ri
wkh ehkdylrxu wr zklfk vxemhfwv frqyhujh diwhu vhyhudo uhsolfdwlrqv ri wkh h{0
shulphqw1 H{shulphqwdo ￿qdqfldo pdunhwv idoo lq wkdw vhfrqg fdwhjru| +vhh
h1j1 Sorww dqg Vxqghu +4<;5/ 4<;;,/ Iruv|wkh dqg Oxqgkrop +4<<3, ru Eldlv
dqg Srxjhw +4<<<,,1
Wkh jrdo ri wkh suhvhqw sdshu lv wr dqdo|}h hpslulfdoo| li wkh shuvrqdolw|
wudlwv dqg ghflvlrq vw|ohv ri lqglylgxdov +phdvxuhg e| d sv|fkrorj| txhvwlrq0
qdluh, suhglfw wkhlu ghflvlrq surfhvv dqg ehkdylrxu lq dq hfrqrplf frqwh{w
+phdvxuhg e| vwudwhjlhv dqg shuirupdqfh lq dq h{shulphqwdo ￿qdqfldo pdu0
nhw,1 Dprqj wkh lvvxhv zh lqyhvwljdwh duh wkh iroorzlqj=
￿ Gr shuvrqdolw| wudlwv vxfk dv lpsxovlyhqhvv ru vhoi~prqlwrulqj d￿hfw
wkh ehkdylrxu ri wkh vxemhfwv lq wkh h{shulphqwdo ￿qdqfldo pdunhw B
￿ Gr frjqlwlyh eldvhv +vxfk dv ryhufrq￿ghqfh/ frq￿updwlrq eldv ru uhsuh0
vhqwdwlyhqhvv eldv, ohdg vxemhfwv wr pdnh orvvhv ru ghyldwh iurp rswlpdo
htxloleulxp vwudwhjlhv lq wkh wudglqj jdph B
4￿ Gr ohduqlqj dqg h{shulhqfh khos wkh vxemhfwv wr fruuhfw wkhlu sv|fkr0
orjlfdo eldvhv dqg uhgxfh wkh lpsdfw ri wkhvh rq wkhlu ehkdylrxu B
Wr dgguhvv wkhvh lvvxhv zh wrrn wkh iroorzlqj vwhsv=
￿ Zh frqvwuxfwhg d sv|fkrorjlfdo txhvwlrqqdluh eruurzlqj iurp vwdqgdug
sv|fkrorj| phdvxuhphqw vfdohv +vxfk dv Glfnpdq*v iru lpsxovlyhqhvv/
Vq|ghu*v iru vhoi~prqlwrulqj/ ru Uxvvr dqg Vfkrhpdnhu dqg Vorylf/
Olfkwhqvwhlq dqg Ilvfkkr￿ iru ryhu~frq￿ghqfh,1 Zh froohfwhg wkh dq0
vzhuv wr wklv txhvwlrqqdluh iurp 9: vwxghqwv1
￿ Zh ohw wkh vdph vwxghqwv sod| lq dq h{shulphqwdo wudglqj jdph/ lq wkh
vdph vslulw dv Sorww dqg Vxqghu +4<;;,1 Lq wklv h{shulphqwdo ￿qdqfldo
pdunhw vwxghqwv fdq sodfh olplw dqg pdunhw rughuv wr wudgh vkduhv/
edvhg rq wkhlu sulydwh vljqdov derxw wkh oltxlgdwlqj ydoxh ri wkh vwrfn/
dqg rq wkhlu revhuydwlrq ri wkh ehkdylrxu ri wkh rwkhu sod|huv1 Eldlv
dqg Srxjhw +4<<<, vkrz wkdw/ lq wkh Duelwudjh Iuhh Shuihfw Ed|hvvldq
Htxloleulxp ri wklv wudglqj jdph/ wkhuh lv ixoo lqirupdwlrq uhyhodwlrq
dqg wudghuv gr qrw sodfh orvv~pdnlqj rughuv1
￿ Zh uhjuhvvhg wkh ghjuhh ri dfwlylw| ri wkh vxemhfwv lq wkh jdph/ dqg wkh
h{whqw wr zklfk wkh| sodfhg sur￿wdeoh ru xqsur￿wdeoh rughuv/ rqwr 9
phdvxuhv ri sv|fkrorjlfdo wudlwv +lpsxovlyhqhvv/ vhoi~prqlwrulqj/ ryhu~
frq￿ghqfh/ frq￿updwlrqeldv/ uhsuhvhqwdwlyhqhvv eldv/ dydlodelolw| khxulv0
wlfv, dv zhoo dv frqwuro yduldeohv +lqfoxglqj jhqghu,1
Wkh hpslulfdo hylghqfh srlqwv dw olqnv ehwzhhq vrph ri wkh shuvrqdolw|
wudlwv dqg wkh ehkdylrxu ri wkh vxemhfwv lq wkh h{shulphqwdo wudglqj jdph1
Wklv lv doo wkh pruh vwulnlqj wkdw wkh txhvwlrqv dvnhg wr wkh vxemhfwv wr
phdvxuh wkh sv|fkrorjlfdo wudlwv kdg qrwklqj wr gr zlwk ￿qdqfldo pdunhwv1
Khqfh rxu hylghqfh srlqwv dw urexvwqhvv ri wkh sv|fkrorjlfdo frqvwuxfwv lq0
ghshqghqw ri wkh frqwh{w lq zklfk wkh txhvwlrqv duh srvhg1
Zh ￿qg wkdw lpsxovlyh vxemhfwv sodfh pruh rughuv exw gr qrw lqfxu odujhu
orvvhv1 Khqfh zkloh lpsxovlyhqhvv lv irxqg wr d￿hfw ehkdylrxu/ lw lv qrw irxqg
wr eh g|vixqfwlrqdo1 Zh dovr ￿qg wkdw ryhufrq￿ghqfh ohdgv wr xqsur￿wdeoh
rughuv/ frqvlvwhqw zlwk wkh uhvxowv rewdlqhg e| Ihqwrq R*Fuhhy| hw do1 +4<<;,
zlwk uhdo wudghuv1 Wkh uhsuhvhqwdwlyhqhvv dqg frq￿updwlrq eldvhv duh dovr
irxqg wr uhgxfh sur￿wdelolw| pdlqo| e| klqghulqj ohduqlqj ri wkh rswlpdo
vwudwhjlhv1 Wklv vxjjhvwv wkdw/ iru vxemhfwv zkr h{klelw frjqlwlyh eldvhv/ h{0
shulhqfh jhqhudwhv lpsurshu ohduqlqj +lq wkh vslulw ri wkh wkhruhwlfdo dqdo|vlv
5ri Jhuydlv dqg Rghdq/ 4<<<,1 Udwkhu wkdq khoslqj wkhvh vxemhfwv ￿qglqj rxw
zkdw wkh sur￿wdeoh vwudwhjlhv duh/ h{shulhqfh lqgxfhv wkhp wr exlog lqfru0
uhfw phqwdo lpdjhv +ri zkdw d w|slfdo vlwxdwlrq lv/ ru zkdw lv wr eh h{shfwhg
lq wkh jdph, ohdglqj wr xqsur￿wdeoh rughu sodfhphqw vwudwhjlhv1
Rxu vwxg| ri wkh lqwhudfwlrq ehwzhhq sv|fkrorjlfdo wudlwv dqg hfrqrplf
ehkdylrxu lv uhodwhg wr wkh lqvljkwixo dqdo|vhv ri Fdphuhu +4<;:,/ Iruv|wkh hw
do +4<<5,/ dqg Eduehu dqg Rghdq +5333 d dqg e,1 Pd|eh wkh pdlq phwkrg0
rorjlfdo gl￿huhqfh ehwzhhq wkhlu zrunv dqg rxuv lv wkdw zh hqghdyrxu wr
gluhfwo| phdvxuh sv|fkrorjlfdo wudlwv dqg frjqlwlyh eldvhv1 Zh krsh wkdw
wklv gluhfw frqiurqwdwlrq ri sv|fkrorjlfdo gdwd dqg hfrqrplf dfwlrqv fdq
surylgh lqirupdwlrq xvhixo wr dvfhuwdlq wkh lpsdfw ri sv|fkrorjlfdo dvshfwv
rq hfrqrplf skhqrphqd/ dqg wr lghqwli| zklfk sv|fkrorjlfdo glphqvlrqv duh
prvw lpsruwdqw dqg lq zkdw zd|1
Wkh qh{w vhfwlrq suhvhqwv wkh h{shulphqwdo wudglqj jdph1 Vhfwlrq 6
suhvhqwv wkh sv|fkrorjlfdo wudlwv dqg wkh dvvrfldwhg k|srwkhvhv1 Vhfwlrq 7
suhvhqwv wkh uhvxowv1 Vhfwlrq 8 r￿huv d eulhi frqfoxvlrq vxppdul}lqj rxu
uhvxowv dqg vnhwfklqj wkh qh{w vwhsv zh sodq wr wdnh lq wklv uhvhdufk1
2 A￿i i Tih￿4i?|@* |h@_￿?} }@4i
2￿￿ A￿i |h@_￿?} }@4i
Wkh vwuxfwxuh ri wkh dvvhw sd|r￿v/ wkh hqgrzphqwv dqg wkh vljqdov duh dv
lq Pdunhw :/ Vhulhv F/ lq Sorww dqg Vxqghu +4<;;, h{fhsw wkdw l, lq wkh
suhvhqw fdvh vkruw vdohv duh doorzhg/ ll, wkhuh lv d fdoo rshqlqj dxfwlrq ehiruh
wkh frqwlqxrxv pdunhw dqg lll, diwhu wkh rshqlqj fdoo dxfwlrq +dqg wkhq dovr
diwhu wkh frqwlqxrxv pdunhw, wkh vxemhfwv duh dvnhg wr zulwh rq d slhfh ri
sdshu wkh ydoxh ri wkh vwrfn wkh| wklqn wkh prvw olnho|/ dv zhoo dv wkh ohyho
ri frq￿ghqfh ri wkhlu iruhfdvw +kljk/ phglxp ru orz,1
Wkhuh lv d vlqjoh ulvn| dvvhw/ sd|lqj dw wkh hqg ri wkh jdph d oltxlgdw0
lqj glylghqg zklfk fdq eh 7<3 iudqfv/ 573 iudqfv ru 83 iudqfv zlwk htxdo
suredelolw|1 Ehiruh wudglqj vwduwv wkh sod|huv uhfhlyh khwhurjhqhrxv sulydwh
vljqdov1 Zkhq wkh glylghqg lv 7<3 iudqfv/ kdoi wkh sod|huv nqrz wkdw lw*v qrw
573 iudqfv zkloh wkh rwkhu kdoi nqrz lw*v qrw 83 iudqfv1 Vlploduo| zkhq wkh
glylghqg lv 573 iudqfv/ kdoi wkh sod|huv nqrz lw*v qrw 7<3 iudqfv/ zkloh kdoi
wkh sod|huv nqrz lw*v qrw 83 iudqfv/ dqg zkhq wkh glylghqg lv 83 iudqfv/ kdoi
wkh sod|huv nqrz lw*v qrw 7<3 iudqfv/ zkloh kdoi wkh sod|huv nqrz lw*v qrw 573
iudqfv1 Hdfk djhqw vwduwv hdfk uhsolfdwlrq ri wkh jdph zlwk 7 vkduhv dqg
58333 iudqfv1 Dv lq ￿qdqfldo pdunhwv lq wkh ￿hog/ sod|huv fdq sodfh pdunhw
6ru olplw rughuv wr ex| ru vhoo1
Hdfk uhsolfdwlrq ri wkh wudglqj jdph vwduwv zlwk dq rshqlqj fdoo dxfwlrq1
Wkh vxemhfwv fdq wudqvplw rughuv wr wkh h{shulphqwhu dv vhdohg elgv iru xs
wr whq vkduhv dw hdfk sulfh/ zulwwhq rq d slhfh ri sdshu1 Xvlqj wkhvh rughuv
wkh h{shulphqwhu frqvwuxfwv dq djjuhjdwh vxsso| dqg dq djjuhjdwh ghpdqg
fxuyh/ dqg vhwv wkh rshqlqj sulfh dw wkh ohyho pd{lpl}lqj wudglqj yroxph1
Wklv sulfh lv dqqrxqfhg sxeolfo| wr wkh vxemhfwv1 Lq dgglwlrq wkh vxemhfwv
uhfhlyh zulwwhq frq￿updwlrqv ri wkh h{hfxwlrq ri wkhlu rughuv dw wkh xqlirup
rshqlqj sulfh1
Diwhu wkh rshqlqj fdoo/ wkhuh lv d frqwlqxrxv rudo grxeoh0dxfwlrq odvwlqj
vhyhq plqxwhv1 Gxulqj wklv shulrg/ wkh vxemhfwv fdq sodfh olplw rughuv iru
rqh vkduh hdfk lq frqwlqxrxv wlph/ e| dqqrxqflqj wkhp yhuedoo| wr wkh
h{shulphqwhu1 Wkh h{shulphqwhu zulwhv wkhvh r￿huv rq wkh erdug1 Wkh
rwkhu sod|huv vhh dqg khdu wkh rffxuuhqfh ri wkhvh rughuv1 Wkh| fdq klw
wkhvh rughuv e| sodflqj pdunhw rughuv ru pdunhwdeoh olplw rughuv1 Zkhqhyhu
wklv lv wkh fdvh wudqvdfwlrqv wdnh sodfh/ dqg wklv lv revhuyhg e| wkh rwkhu
sod|huv1 Dv orqj dv wkhlu rughuv kdyh qrw ehhq klw/ vxemhfwv fdq fdqfho wkhp1
Eldlv dqg Srxjhw +4<<<, vkrz wkdw lq wkh duelwudjh iuhh shuihfw Ed|hvldq
htxloleulxp ri wklv wudglqj jdph wkhuh duh qr wudgh h{fhsw dw ixoo| uhyhdolqj
sulfhv +zklfk lv lq wkh vdph vslulw dv wkh Plojurp dqg Vwrnh| +4<;5, wkhr0
uhp,/ dqg wkdw rughuv zklfk li wkh| zhuh h{hfxwhg zrxog uhvxow lq orvvhv duh
lqfrqvlvwhqw zlwk htxloleulxp1
2￿2 , Tih￿4i?|@* _it￿}?
Zh udq wkh h{shulphqwdo wudglqj jdph zlwk : gl￿huhqw frkruwv ri vwx0
ghqwv iurp Wrxorxvh Xqlyhuvlw|1 Vxemhfwv zhuh judgxdwh vwxghqwv lq hfr0
qrplfv dqg pdqdjhphqw zlwkrxw suhylrxv h{srvxuh wr h{shulphqwv ru pdu0
nhw plfurvwuxfwxuh1￿ Wkh h{shulphqw zdv uxq lq wkh frqwh{w ri frxuvhv
wdxjkw rq vwrfn pdunhwv1 Hdfk frkruw lqfoxghg ehwzhhq ; dqg 47 vxemhfwv1
Hdfk frkruw sduwlflsdwhg wr 7 uhsolfdwlrqv ri wkh h{shulphqw1 Zh udqgrpo|
guhz wkh uhdol}dwlrqv ri wkh ￿qdo ydoxh ri wkh dvvhw1
Wkh uxohv ri wkh jdph zhuh suhvhqwhg wr wkh vxemhfwv lq d rqh~krxu fodvv
ehiruh wkh h{shulphqw1 Gxulqj wklv fodvv wkh vxemhfwv dvnhg txhvwlrqv dqg
fodul￿fdwlrqv derxw wkh uxohv ri wkh jdph1 Wkh h{shulphqwhu hqghdyrxuhg wr
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7dqvzhu doo foduli|lqj txhvwlrqv zkloh uhixvlqj wr glvfxvv txhvwlrqv vxfk dv =
Krz vkrxog L sod| B Zkdw vkrxog L gr lq wklv flufxpvwdqfh B Lv wklv d jrrg
vwudwhj| B hwf111 Zh h{sodlqhg wr wkh vwxghqwv wkdw zh glg qrw dqvzhu wkhvh
txhvwlrqv lq rughu qrw wr lq￿xhqfh wkhlu ehkdylrxu gxulqj wkh dxfwlrq/ zh
dovr dqqrxqfhg wkhp wkdw/ diwhu wkh h{shulphqwv zh zrxog kdyh d gheulh￿qj
vhvvlrq zkhuh zh zrxog dqdo|}h wkh jdph wrjhwkhu1 Dw wkh ehjlqqlqj ri wkh
h{shulphqw/ hdfk vxemhfw uhfhlyhg d zulwwhq grfxphqw vwdwlqj wkh uxohv ri wkh
jdph +dq h{dpsoh lv glvsod|hg lq Dsshqgl{,1 Wkh h{shulphqwhu uhh{sodlqhg
wkh jdph wr wkh vxemhfwv/ dqg wkh| dvnhg dgglwlrqdo fodul￿fdwlrq txhvwlrqv1
Wkh vxemhfwv zhuh dovr kdqghg irupv wr zulwh grzq wkh rughuv wkh| sodfhg
gxulqj wkh suhrshqlqj shulrg ru wkh rshqlqj fdoo/ dqg wr uhfrug wkhlu wudghv/
fdvk edodqfhv dqg lqyhqwrulhv gxulqj wkh frqwlqxrxv pdunhw1
Wkh vxemhfwv zhuh lqvwuxfwhg wr pd{lpl}h wkhlu ￿qdo zhdowk1 Dw wkh
hqg ri hdfk uhsolfdwlrq wkh h{shulphqwhu dqqrxqfhg zkdw zdv dfwxdoo| wkh
uhdol}hg ydoxh1 Vxemhfwv wkhq frpsxwhg wkhlu ￿qdo zhdowk1 Wkh h{shulphqwhu
fkhfnhg wkhvh frpsxwdwlrqv dqg wkhq dqqrxqfhg sxeolfo| dqg qrplqdoo| wkh
zhdowk ri hdfk ri wkh vxemhfwv1 Wkh vwxghqwv zhuh dovr dqqrxqfhg yhuedoo|
dqg lq wkh zulwwhq grfxphqw wkdw wkhlu judgh iru wklv frxuvh zrxog uh￿hfw
wkh ￿qdo zhdowk wkh| rewdlqhg lq wkh uhsolfdwlrqv1 Wkh judgh iru wkh frxuvh
lv ehwzhhq 3 dqg 531 Wkhuh lv d ￿qdo h{dp/ iru zklfk judghv duh w|slfdoo|
ehwzhhq 9 dqg 471 Vwxghqwv sduwlflsdwlqj wr 7 uhsolfdwlrqv ri wkh jdph
hduqhg erqxv srlqwv +wr eh dgghg wr wkhlu ￿qdo h{dp judgh wr ghwhuplqh wkh




Zh eholhyh wkdw uhzduglqj vxemhfwv edvhg rq h{dp judghv/ dv rssrvhg wr
uhodwlyho| vpdoo dprxqwv ri prqh| lv olnho| wr lqgxfh vhulrxv/ rswlpl}lqj
ehkdylrxu/ dqg wr ghwhu jdpeolqj ru duelwudu| dqg luudwlrqdo dwwlwxghv12 Wr
dyrlg lq￿xhqflqj wkh vwxghqwv lqwr wudghv wkdw wkh| glg qrw ihho ehqh￿fldo/
zh uhshdwhgo| dqqrxqfhg wkhp gxulqj wkh h{shulphqwv wkdw wkh| glg qrw
kdyh wr sodfh rughuv dqg wkdw wkhlu rqo| frqfhuq vkrxog eh wr pd{lpl}h
wkhlu erqxv1
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Wklv vhfwlrq suhvhqwv sv|fkrorjlfdo wudlwv dqg mxgjhphqw eldvhv dv zhoo dv
k|srwkhvhv derxw wkhlu frqvhtxhqfhv rq shuirupdqfh dqg ehkdylrxu lq wkh
wudglqj jdph1
61414 Lpsxovlyhqhvv
Lpsxovlyhqhvv lv wkh whqghqf| wr dfw udslgo|/ zlwkrxw iruhwkrxjkw +vhh h1j1
Glfnpdq/ +4<;8/ 4<<3,/ dqg H|vhqfn dqg H|vhqfn/ 4<::,1 Glfnpdq +4<;8
dqg4<<3, glvfxvv wkh gl￿huhqfh ehwzhhqg|vixqfwlrqdo lpsxovlyhqhvv/ zkhuhe|
wkh odfn ri iruhwkrxjkw lv d vrxufh ri gl￿fxow| iru wkh vxemhfw/ dqg ixqf0
wlrqdo lpsxovlyhqhvv/ zkhuhe| udslg uhdfwlrq/ zlwkrxw orqj wklqnlqj sdxvhv/
fdq eh rswlpdo1 Zh irupxodwh wkh iroorzlqj wkuhh k|srwkhvhv derxw wkh
frqvhtxhqfhv ri wklv sv|fkrorjlfdo wudlw iru wudglqj ehkdylrxu lq wkh jdph=
K4= Lpsxovlyh vxemhfwv duh pruh olnho| wr vhl}h wudglqj rssruwxqlwlhv dv
vrrq dv wkhvh dulvh/ dqg frqvhtxhqwo| wr sodfh pruh iuhtxhqw dqg qxphurxv
rughuv1
K4D= Wklv lv sduwlfxoduo| olnho| wr eh wkh fdvh lq wkh frqwlqxrxv pdunhw/
zkhuh uhdo wlph idvw uhdfwlrqv duh lqyroyhg1 Lq frqwudvw/ lq wkh fdoo pdunhw/
zkhuh vwxghqwv kdyh wlph wr srqghu ryhu ghflvlrqv/ lpsxovlyhqhvv lv ohvv
olnho| wr ohdg wr juhdwhu pdunhw sduwlflsdwlrq1
K4E= Lq wkh olqh ri Glfnpdq +4<<3,/ wklv k|srwkhvlv srvwxodwhv wkdw
lpsxovlyhqhvv lv qrw g|vixqfwlrqdo/ dqg frqvhtxhqwo| vkrxog qrw uhvxow lq
xqsur￿wdeoh rughuv dqg wudglqj orvvhv1 Wkh dowhuqdwlyh k|srwkhvlv lv wkdw
lpsxovlyhqhvv lv g|vixqfwlrqdo/ vr wkdw iru h{dpsoh vxemhfwv sodfh rughuv
ehiruh wdnlqj wkh wlph wr frqvlghu dgyhuvh vhohfwlrq ulvn/ zklfk ohdgv wr
orvv~pdnlqj rughuv dqg orzhu wudglqj sur￿wv1
61415 Ryhufrq￿ghqfh
Sv|fkrorjlvwv kdyh irxqg hylghqfh wkdw shrsoh whqg wr ryhuhvwlpdwh wkhlu
delolwlhv1 Iru h{dpsoh/ lq d sxuho| udqgrp vlwxdwlrq/ vxemhfwv whqg wr dw0
wulexwh +udqgrp, jdlqv wr wkhlu rzq vnloov +vhh Odqjhu dqg Urwk/ 4<:8,1
Zkhq lw frphv wr lqirupdwlrq surfhvvlqj/ wklv whqghqf| wr ryhuhvwlpdwh
rqh*v delolwlhv fdq ohdg wr ryhufrq￿ghqfh lq wkh suhflvlrq ri rqh*v +sxeolf ru
sulydwh, lqirupdwlrq1 Ryhufrq￿ghqw shrsoh dwwulexwh h{fhvvlyh suhflvlrq wr
wkhlu eholhiv1 Wr dvvhvv ryhufrq￿ghqfh Ilvfkkr￿/ Olfkwhqvwhlq/ dqg Skloolsv
9+4<;5, dqg Uxvvr dqg Vfkrhpdnhu +4<;<, dvn vxemhfwv wr pdnh udqjh suhglf0
wlrqv vxfk wkdw wkh| duh <3 ( vxuh wkdw wkh dfwxdo ydoxh zloo idoo zlwklq wkh
udqjh vshfl￿hg1 Ryhufrq￿ghqw vxemhfwv jlyh wrr qduurz udqjhv/ vxfk wkdw
dfwxdo ydoxhv idoo rxwvlgh wkh udqjh pruh wkdq 43 ( ri wkh wlph1 Xvlqj wklv
surfhgxuh zlwk 69 iruhljq h{fkdqjh wudghuv/ Vwhskdq +4<<;, irxqg hylghqfh
vxjjhvwlyh ri surqrxqfhg ryhufrq￿ghqfh1 Ihqwrq R*Fuhhy| hw do +4<<;, ￿qg
wkdw wudghuv vxemhfw wr wkh looxvlrq ri frqwuro +phdvxuhg e| shufhlyhg delolw|
wr lq￿xhqfh wkh pryhphqw ri d srlqw rq d vfuhhq, zhuh ohvv olnho| wr vkrz
vxffhvvixo shuirupdqfh lq wkhlu surihvvlrqdo rshudwlrqv1 Rghdq +4<<;, dq0
do|}hv d prgho zkhuh sulydwho| lqiruphg djhqwv ryhuhvwlpdwh wkh suhflvlrq
ri wkhlu vljqdov1 Wklv ohdgv wr h{fhvvlyh wudglqj dqg orzhuv wkhlu h{shfwhg
xwlolw|1 Eduehu dqg Rghdq +5333d, ￿qg wkdw lqglylgxdo lqyhvwruv zkr wudgh
pruh riwhq hduq orzhu uhwxuqv qhw ri wudqvdfwlrqv frvwv1 Wklv uhvxow lv frqvlv0
whqw zlwk ryhufrq￿ghqfh ohdglqj wr h{fhvvlyh wudglqj zklfk lq wxuq ohdgv wr
xqghushuirupdqfh1 Eduehu dqg Rghdq +5333e, surylgh dgglwlrqdo hylghqfh
rq wkh wudglqj dfwlylw| dqg shuirupdqfh ri lqglylgxdo lqyhvwruv e| uhodwlqj
lw wr jhqghu1 Vhyhudo sv|fkrorjlfdo vwxglhv kdyh irxqg wkdw phq duh pruh
ryhufrq￿ghqw wkdq zrphq1 Eduehu dqg Rghdq +5333e, dujxh wkdw frqvh0
txhqwo| phq vkrxog wudgh pruh riwhq wkdq zrphq dqg pdnh orzhu sur￿wv1
Wkh| ￿qg wkdw lq wkhlu lqglylgxdo lqyhvwruv gdwd phq gr lqghhg wudgh pruh
wkdq zrphq/ dqg hduq orzhu qhw uhwxuqv/ uh￿hfwlqj odujhu wudqvdfwlrqv frvwv1
Lq olqh zlwk wkhvh dqdo|vhv/ zh irupxodwh wkh irooorzlqj k|srwkhvlv uh0
jduglqj wkh frqvhtxhqfhv ri ryhufrq￿ghqfh lq rxu h{shulphqwdo wudglqj
jdph=￿
K5D= Ryhufrq￿ghqw vxemhfwv wudgh pruh1
K5E= Ryhufrq￿ghqw vxemhfwv duh ohvv olnho| wr xsgdwh wkhlu eholhiv derxw
wkh ydoxh ri wkh vwrfn edvhg rq wkhlu revhuydwlrq ri wkh dfwlrqv ri wkh rwkhuv1
Khqfh wkh| duh olnho| wr vx￿hu pruh iurp wkh zlqqhu*v fxuvh/ dqg frqvh0
txhqwo| sodfh orvv~pdnlqj rughuv pruh iuhtxhqwo| dqg hduq orzhu sur￿wv1
61416 Frq￿updwlrq eldv
D shuvrq vx￿huv iurp frq￿updwlrq eldv li kh ru vkh whqgv wr plvlqwhusuhw
dpeljxrxv hylghqfh dv frq￿uplqj klv ru khu fxuuhqw k|srwkhvhv derxw wkh
zruog1
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:Zdvrq dqg Mrkqvrq~Odlug +4<:5, ￿qg h{shulphqwdo hylghqfh wkdw vxe0
mhfwv vhhn frq￿updwlrq udwkhu wkdq glvfrq￿updwlrq ri sulru k|srwkhvhv1
Wkh| frqgxfw dq h{shulphqw zlwk d ghfn ri fdugv lq zklfk doo fdugv kdyh d
ohwwhu rq rqh vlgh dqg d qxpehu rq wkh rwkhu vlgh1 Wkh vxemhfwv duh wrog wkdw
wkh ghfn ri fdugv frxog kdyh wkh surshuw| wkdw _li d fdug kdv d yrzho rq rqh
vlgh lw kdv dq rgg qxpehu rq wkh rwkhu vlgh1% Wkh h{shulphqwhu vkrzv wkhp
irxu fdugv/ zlwk dq _D%/ d _G%/ d _7% dqg d _:%1 Wkh vxemhfwv duh dvnhg
zklfk fdug lw lv xvhixo wr wxuq wr ￿qg rxw li wkh surshuw| krogv1 Vxemhfwv
surqh wr wkh frq￿updwlrq eldv phqwlrq fdug _7%/ zklfk fdqqrw glvsuryh wkh
surshuw|/ udwkhu wkdq fdug _D% zklfk fdq glvsuryh wkh surshuw|1
Sorxv +4<<4, vkrzv h{shulphqwdoo| wkdw vxemhfwv lqlwldoo| rssrvhg wr
qxfohdu srzhu whqg wr lqwhusuhw qhz hylghqfh dv vxjjhvwlyh ri wkh gdqjhuv
ri wklv irup ri hqhuj|/ zkloh vxemhfwv lqlwldoo| lq idyru ri qxfohdu srzhu whqg
wr jlyh wkh rssrvlwh lqwhusuhwdwlrq wr wkh vdph hylghqfh1
Iruv|wkh hw do +4<<5, dqdo|}h vwxghqwv* ehwv rq wkh Uhsxeolfdq dqg
Ghprfudw fdqglgdwhv lq wkh 4<;; Suhvlghqwldo hohfwlrq1 Frqvlvwhqw zlwk wkh
k|srwkhvlv wkdw shrsoh whqg wr lqwhusuhw hylghqfh dv vxssruwlyh ri wkhlu sulru
srvlwlrqv/ wkh| irxqg wkdw d odujh qxpehu ri vxemhfwv whqghg wr eholhyh wkdw
wkhlu idyrxuhg fdqglgdwh kdg zrq wkh suhvlghqwldo ghedwh1 Wkh| dovr ￿qg
wkdw vxemhfwv zkr gr qrw vx￿hu iurp wklv eldv +iru h{dpsoh wkrvh zkr duh lq
idyru ri wkh Ghprfudwv exw uhdol}h wkdw wkh ghedwh zdv zrq e| wkh Uhsxeol0
fdq fdqglgdwh, zhuh deoh wr wudgh dw d sur￿w zlwk eldvhg vxemhfwv1 Iruv|wkh
hw do +4<<5, glvfxvv krz wkhvh xqeldvhg duelwudjhxuv sod|hg dq lpsruwdqw
uroh lq gulylqj wkh srolwlfdo vwrfn pdunhw wrzdugv h￿flhqf|1 Lq olqh zlwk
wkh dqdo|vlv ri Iruv|wkh hw do +4<<5, zh irupxodwh wkh iroorzlqj k|srwkhvlv
uhjduglqj wkh frqvhtxhqfhv ri frq￿updwlrq eldv lq wkh wudglqj jdph=
K6= Frq￿updwlrq eldv lv olnho| wr klqghu vxemhfwv iurp h￿flhqwo| xv0
lqj pdunhw lqirupdwlrq wr xsgdwh wkhlu sulruv1 Wklv vkrxog ohdg wr juhdwhu
zlqqhu*v fxuvh/ pruh iuhtxhqw orvv~pdnlqj rughuv dqg orzhu sur￿wv1
Frpsdulqj K5 dqg K6/ frq￿updwlrq eldv kdv wkh vdph frqvhtxhqfhv dv
ryhufrq￿ghqfh1 Wklv lv lq olqh zlwk wkh wkhruhwlfdo dqdo|vlv ri Udelq dqg
Vfkudj +4<<<, zkhuh frq￿updwlrq eldv ohdgv wr ryhufrq￿ghqfh1
61417 Uhsuhvhqwdwlyhqhvv
Lq wkh uhsuhvhqwdwlyhqhvv khxulvwlf wkh suredelolw| ri D jlyhq E lv hydoxdwhg
e| wkh ghjuhh wr zklfk E uhvhpeohv D1 Wklv jhqhudwhv d eldv li lw ohdgv wr
ryhuhvwlpdwlqj wkh suredelolw| ri dq hyhqw zkhq revhuylqj gdwd vlplodu wr
wklv hyhqw +vhh Ndkqhpdq/ Vorylf dqg Wyhuvn|/ 4<;5,1 Iru h{dpsoh/ lq wkh
;h{shulphqw uxq e| Fdphuhu +4<;:, wkhuh duh wzr fdjhv1 Lq fdjh [ wzr wklugv
ri wkh edoov duh eodfn zkloh rqh wklug duh uhg/ dqg lq fdjh \ wzr wklugv ri
wkh edoov duh uhg zkloh rqh wklug ri wkh edoov duh eodfn1 Vxssrvh wkuhh edoov
duh gudzq zlwk uhsodfhphqw iurp rqh ri wkh wzr fdjhv/ dqg wklv |lhogv wzr
eodfn edoov dqg rqh uhg edoo1 Uhsuhvhqwdwlyhqhvv eldv ohdgv wr sxw d juhdwhu
mxgjhg suredelolw| iru fdjh [ wkdq uhtxluhg e| Ed|hv odz/ ehfdxvh wklv gudz
uhvhpeohv wkh frqwhqw ri fdjh [1 Wkh sulfhv dqg doorfdwlrqv dulvlqj lq wkh
h{shulphqwdo pdunhw dqdo|}hg e| Fdphuhu +4<;:, duh frqvlvwhqw zlwk vrph
wudghuv vx￿hulqj iurp uhsuhvhqwdwlyhqhvv eldv1 Wkh ghjuhh ri wkh eldv lv
irxqg wr eh vpdoo/ krzhyhu/ dqg hyhq vpdoohu zlwk h{shulhqfhg vxemhfwv1
Dovr/ Fdphuhu +4<;:, frqmhfwxuhv wkdw wkh zlqqhu*v fxuvh lq frpprq ydoxh
dxfwlrqv irxqg e| Ndjho dqg Ohylq +4<;9, pljkw eh fdxvhg e| d khxulvwlf olnh
uhsuhvhqwdwlyhqhvv1 Lq olqh zlwk wkh dqdo|vlv ri Fdphuhu +4<;:, zh irupxodwh
wkh iroorzlqj k|srwkhvlv=
K7= Uhsuhvhqwdwlyhqhvv eldv suhyhqwv vxemhfwv iurp fruuhfwo| wdnlqj lqwr
dffrxqw pdunhw lqirupdwlrq/ dqg frqvhtxhqwo| ohdgv wr orvvhv1
61418 Dydlodelolw| khxulvwlfv
Vxemhfwv xvlqj wkh dydlodelolw| khxulvwlfv dvvhvv wkh iuhtxhqf| ri d fodvv ru
wkh suredelolw| ri dq hyhqw e| wkh hdvh zlwk zklfk lqvwdqfhv ru rffxuhqfhv
fdq eh eurxjkw wr plqg +vhh Ndkqhpdq/ Vorylf dqg Wyhuvn|/ 4<;5,1 Wklv
fdq ohdg wr eldvhv wr wkh h{whqw wkdw wkh hdvh zlwk zklfk lqvwdqfhv frph wr
plqg pd| eh lpshuihfwo| fruuhodwhg zlwk wkhlu iuhtxhqf|1
Lq wkh wudglqj jdph/ vxemhfwv surqh wr wkh dydlodelolw| eldv pljkw sxw
wrr pxfk zhljkw rq vdolhqw lqirupdwlrq/ vxfk dv iru h{dpsoh wkh rshqlqj
sulfh ru uhfhqw pdunhw dfwlylw|/ dqg ryhuuhdfw wr wkhvh qhzv1 Wklv frxog
xqghuplqh wkhlu wudglqj shuirupdqfh1
K8= Vxemhfwv surqh wr wkh dydlodelolw| eldv whqg wr sodfh pruh xqsuri0
lwdeoh rughuv1
61419 Vhoi~Prqlwrulqj
Jdqjhvwdg dqg Vq|ghu +4<;9/ sdjh 458, gh￿qh wklv frqvwuxfw dv iroorzv=
_Lqglylgxdov kljk lq vhoi prqlwrulqj duh wkrxjkw wr uhjxodwh wkhlu h{suhv0
vlyh vhoi~suhvhqwdwlrq iru wkh vdnh ri ghvluhg sxeolf dsshdudqfhv dqg wkxv
eh kljko| uhvsrqvlyh wr vrfldo dqg lqwhu~shuvrqdo fxhv ri vlwxdwlrqdoo| dss0
sursuldwh shuirupdqfhv1% Vhoi~prqlwrulqj kdv ehhq vwxglhg h{whqvlyho| lq
vrfldo sv|fkrorj| dqg dovr dssolhg wr pdqdjhphqw +vhh iru h{dpsoh GhErqr
<dqg Vq|ghu +4<;8, iru dgyhuwlvlqj dqg Ehuvfkhlg/ Pdwz|fkxn dqg Vq|ghu
+4<;7, iru shuvrqqho vhohfwlrq1, Lq wkh frqwh{w ri rxu h{shulphqwdo wudglqj
jdph rqh frxog h{shfw vxemhfwv kljk lq vhoi prqlwrulqj wr eh pruh vhqvlwlyh
wr wkh lqwhushuvrqdo glphqvlrq ri wkh jdph/ dqg ehwwhu dgmxvw wkhlu dwwlwxgh
dqg vwudwhj| wr wkh ehkdylrxu ri wkh rwkhuv1 Frqvhtxhqwo|/ zh srvlw wkh
iroorzlqj k|srwkhvlv=
K9= Vxemhfwv kljk lq vhoi~prqlwrulqj vx￿hu ohvv iurp wkh zlqqhu*v fxuvh/
sodfh ohvv iuhtxhqwo| xqsur￿wdeoh rughuv/ dqg hduq odujhu sur￿wv1
6141: H{shulhqfh dqg mxgjhphqw eldvhv
Zkhq idflqj qhz dqg gl￿fxow sureohpv/ vxemhfwv pd| zhoo h{klelw mxgjh0
phqw eldvhv1 Exw/ dv wkh| ehfrph pruh h{shulhqfhg/ dqg ohduq derxw wkh
hqylurqphqw/ wkh| pd| surfhvv lqirupdwlrq pruh h￿flhqwo|/ vr wkdw wkh lp0
sdfw ri mxgjhphqw eldvhv zloo eh ohvv vwurqj1 Rq wkh rwkhu kdqg/ h{shulhqfh
frxog kdyh wkh rssrvlwh h￿hfw1 Jhuydlv dqg Rghdq/ 4<<</ sursrvh d wkhr0
uhwlfdo dqdo|vlv ri krz lpsurshu ohduqlqj vfkhphv/ vxemhfw wr wkh looxvlrq ri
frqwuro/ fdq ohdg wr ryhufrq￿ghqfh1 Dovr/ qhz/ xqnqrzq vlwxdwlrqv frxog
shukdsv lqwlplgdwh vxemhfwv/ suhyhqwlqj wkhp iurp lqgxojlqj lq vorss|/ el0
dvhg lqirupdwlrq surfhvvlqj1 Lq frqwudvw/ dv wkh hqylurqphqw ehfrphv pruh
idploldu/ vxemhfwv frxog uhyhuw wr wkhlu xvxdo dwwlwxgh dqg mxgjphqw eldvhv1
Ixuwkhupruh/ dv wkh| ehfrph h{shulhqfhg/ vxemhfwv ghyhors qrwlrqv ri zkdw
lv d w|slfdo vlwxdwlrq lq wkh wudglqj jdph1 Lw lv djdlqvw wklv edfngurs wkdw
wkh| duh oldeoh wr eh vxemhfw wr uhsuhvhqwlyhqhvv eldvhv1 Lq olqh zlwk wklv
glvfxvvlrq/ zh srvlw wkh iroorzlqj k|srwkhvhv=
K:D= Dv vxemhfwv ehfrph pruh h{shulhqfhg/ wkh| ohduq krz wr ryhufrph
mxgjhphqw eldv/ dqg wkh lpsdfw ri wkh odwwhu rq wkhlu ehkdylrxu ehfrphv
zhdnhu1
K:E= Dv vxemhfwv ehfrph pruh h{shulhqfhg/ wkh| duh pruh lq￿xhqfhg e|
wkhlu mxgjhphqwdo eldvhv/ dqg frqvhtxhqwo| wkh lpsdfw ri wkhlu sv|fkrorjlfdo
wudlwv rq wkhlu rughu sodfhphqw ehkdylrxu ehfrphv vwurqjhu1
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61514 Wkh sv|fkrorj| txhvwlrqqdluh
D zhhn ru wzr ehiruh wkh wudglqj jdph wkh vwxghqwv zhuh dvnhg wr ￿oo d
sv|fkrorj| txhvwlrqqdluh1 Rqh ri wkh dxwkruv ri wkh suhvhqw sdshu +Ndulqh
Pd}xulhu/ zkr lv d judgxdwh vwxghqw lq vrfldo sv|fkrorj| dw Wrxorxvh Xql0
yhuvlw|, kdqghg wkh txhvwlrqqdluh wr wkh vwxghqwv dqg dvnhg wkhp wr ￿oo lw
43rxw h{sodlqlqj wkhp wkdw lw zrxog eh xvhixo iru khu uhvhdufk1 Vkh glg qrw
phqwlrq wr wkh vwxghqwv wkdw wklv zdv wr eh uhodwhg wr wkh h{shulphqwdo
wudglqj jdph/ qru glg vkh vkrz xs lq wkdw h{shulphqw +zklfk zdv uxq e|
wzr rwkhu frdxwkruv ri wkh sdshu= Eldlv dqg Srxjhw,1
Wkh txhvwlrqqdluh lqfoxghg=
41 9 lwhpv phdvxulqj lpsxovlyhqhvv +wdnhq iurp Glfnpdq/ 4<<3,1
51 43 lwhpv phdvxulqj ryhufrq￿ghqfh/ dgdswhg iurp Uxvvr dqg Vfkrh0
pdnhu +4<;<, dqg Ilvfkkr￿/ Olfkwhqvwhlq dqg Skloolsv +4<;5,1
61 6 lwhpv phdvxulqj frq￿updwlrq eldv +rqh ri wkhp uhsolfdwlqj Sorxv
+4<<4, dgdswhg wr wkh Iuhqfk frqwh{w/ wkh rwkhu uhsolfdwlqj Zdvrq
dqg Mrkqvrq~Odlug +4<:5,,1
71 6 lwhpv phdvxulqj uhsuhvhqwdwlyhqhvv eldv +rqh ri wkhp lqvsluhg e| wkh
h{shulphqw uxq e| Fdphuhu +4<;:, wkh rwkhuv iurp Gdzvrq/ Vklhogv
dqg Voxjrvnl +4<<6,1
81 9 lwhpv phdvxulqj dydlodelolw| eldv/ dovr iurp Gdzvrq/ Vklhogv dqg
Voxjrvnl +4<<6,1
91 wkh 4;~lwhpv vhoi prqlwrulqj vfdoh frqvwuxfwhg e| Jdqjhvwdg dqg Vq|0
ghu +4<;9,1
9: vwxghqwv frpsohwho| dqvzhuhg wkh txhvwlrqqdluh dqg wkhq sduwlflsdwhg
wr wkh jdph1 57 ri wkhvh zhuh jluov dqg 76 zhuh er|v1
61515 Lqgh{hv
Edvhg rq wkh dqvzhuv wr wkh txhvwlrqqdluh zh frqvwuxfwhg dq lqgh{ ri hdfk
ri wkh 9 mxgjphqw eldvhv dqg sv|fkrorj| wudlwv +uhsuhvhqwdwlyhqhvv/ dydlodelo0
lw|/ ryhufrq￿ghqfh/ frq￿updwlrq eldv/ vhoi~prqlwrulqj dqg lpsxovlyhqhvv,1
Dqvzhuv wr hdfk txhvwlrq zhuh frghg1 Iru hdfk wudlw zh vxpphg wkh vfruhv
rewdlqhg iru wkh gl￿huhqw lwhpv1 Zh wkhq frpsxwhg wkh phdq dqg vwdqgdug
ghyldwlrq dfurvv vxemhfwv ri wkh fruuhvsrqglqj qxpehuv rewdlqhg1 Wkh lq0
gh{hv xvhg lq wkh hpslulfdo dqdo|vlv uhvxow iurp vxevwudfwlqj wkh phdq dqg
glylglqj e| wkh vwdqgdug ghyldwlrq1
4461516 Uholdeolw|
Wr dvvhvv wkh uholdeolw| ri wkh frqvwuxfwv/ zh frpsxwhg wkhlu Furqedfk ￿1
Zkloh vhoi~prqlwrulqj kdg d uhdvrqdeo| odujh vfruh +194,/ wkh rwkhu frq0
vwuxfwv kdyh uhodwlyho| orz vfruhv +175 iru ryhufrq￿ghqfh/ 16 iru dydlodelolw|/
15; iru lpsxovlyhqhvv/ dqg hyhq orzhu vfruhv iru uhsuhvhqwdwlyhqhvv dqg frq0
￿pdwlrq,1 Wkhvh orz uholdelolw| vfruhv phdq wkdw zh phdvxuh wkh xqghuo|lqj
frqvwuxfwv zlwk odujh huuruv1 Vxfk phdvxuhphqw huuruv zloo whqg wr uhgxfh
wkh vljql￿fdqfh ri wkh yduldeohv zkhq lqfoxghg dv uhjuhvvruv lq uhjuhvvlhrqv1
Rq wkh rwkhu kdqg/ dv orqj dv wkh huuruv kdyh }hur phdq/ wkh| gr qrw eldv wkh
vorsh frh￿flhqw hvwlpdwhv1 Frqvhtxhqwo|/ lq wkh uhjuhvvlrq dqdo|vhv ehorz/
li zh ￿qg wkdw wkh sv|fkrorjlfdo yduldeohv duh qrw vljql￿fdqw/ lw fdq vwhp
iurp wkh frqvwuxfw ehlqj lqghhg luuhohydqw/ ru iurp phdvxuhphqw huuruv1 Rq
wkh rwkhu kdqg/ li lq vslwh ri phdvxuhphqw huuruv/ wkh yduldeohvduh irxqg wr
eh vljql￿fdqw/ lw vxjjhvwv wkdw wkh| uhdoo| pdwwhu1
Ixuwkhupruh/ zh frpsxwhg wkh fruuhodwlrqv ehwzhhq wkh lqglfhv fruuh0
vsrqglqj wr wkh gl￿huhqw frqvwuxfwv1 Wkh| duh suhvhqwhg lq Wdeoh 41 Dv fdq
eh vhhq lq wkh wdeoh/ wkhuh lv uhodwlyho| orz fruuhodwlrq ehwzhhq wkh lqglfhv/
vxjjhvwlqj wkdw wkh| lqghhg phdvxuh gl￿huhqw xqghuo|lqj wudlwv1
e ,4T￿h￿U@* hit￿*|t
Wkh k|srwkhvhv suhvhqwhg deryh vxjjhvw wkdw sv|fkrorjlfdo wudlwv dqg mxgjh0
phqw eldvhv fdq eh h{shfwhgwr d￿hfw wkh qxpehu ri rughuv sodfhge| vxemhfwv
dqg wkh sur￿wdelolw| ri wkhvh rughuv1 Wr whvw wkhvh k|srwkhvhv zh uhjuhvvhg
yduldeohv fkdudfwhul}lqj wudglqj vwudwhjlhv dqg shuirupdqfh dfurvv wkh 9:
vxemhfwv rqwr wkh lqgh{hv ri frq￿updwlrq eldv/ ryhufrq￿ghqfh/ dydlodelolw|
eldv/ uhsuhvhqwdwlyhqhvv eldv/ lpsxovlyhqhvv dqg vhoi prqlwrulqj ghvfulehg
deryh1 Zh dovr dgghg lq wkh uhjuhvvruv/ dv frqwuro yduldeohv/ wkh jhqghu
ri wkh vxemhfwv/ wkh qxpehu ri wudghuv lq wkh frkruw/ dqg gxpplhv iru wkh
ghjuhhv lq zklfk wkh vwxghqwv zhuh hquroohg1 Wkh sv|fkrorjlfdo lqgh{hv duh
fhqwhuhg/ zh dovr fhqwhuhg wkh frqwuro yduldeohv/ vr wkdw lq wkh uhjuhvvlrqv
ehorz wkh lqwhufhsw lv htxdo wr wkh xqfrqglwlrqdo phdq ri wkh ghshqghqw
yduldeoh dqg wkh lpsdfw ri wkh uhjuhvvruv rq wkh frqglwlrqdo phdq fdq hdvlo|
eh frpsxwhg1
45e￿￿ A￿i ?￿4Mih Lu Lh_iht
Wdeoh 5 suhvhqwv wkh hvwlpdwhv ri wkh ROV uhjuhvvlrq zkhq wkh ghshqghqw
yduldeoh lv wkh dyhudjh qxpehu ri rughuv shu uhsolfdwlrq1 Wdeoh 5/ Sdqho D/
frqwdlqv wkh uhvxowv iru wkh qxpehu ri rughuv/ sodfhg lq wkh fdoo ru frqwlqxrxv
pdunhw1 Wdeoh 4/ Sdqho E/ suhvhqwv wkh uhvxowv rewdlqhg iru wkh qxpehu ri
rughuv sodfhg lq wkh frqwlqxrxv pdunhw1 Wkh uhvxowv fdq eh vxppdul}hg dv
iroorzv=
￿ Dowkrxjk wkh sv|fkrorjlfdo yduldeohv duh olnho| wr eh phdvxuhg zlwk
qrlvh/ wkh dgmxvwhg U2 +56( dqg 67(, duh uhdvrqdeo| odujh1
￿ Rq dyhudjh vxemhfwv sodfh 91: rughuv shu uhsolfdwlrq/ rxw ri zklfk 615<
duh sodfhg lq wkh frqwlqxrxv pdunhw1
￿ Frqvlvwhqw zlwk K|srwkhvlv K4 pruh lpsxovlyh vxemhfwv sodfh pruh
rughuv1 Frqvlvwhqw zlwk k|srwkhvlv K4D/ wklv lv sduwlfxoduo| vwurqj lq
wkh frqwlqxrxv pdunhw1
￿ Frqvlvwhqw zlwk wkh ￿qglqjv ri Eduehu dqg Rghdq +5333e, +zklfk zhuh
edvhg rq ￿hog gdwd, phq wudgh pruh wkdq zrphq1 Lq idfw/ lq rxu gdwd
phq sodfh 93 ( pruh rughuv wkdq zrphq1 Wklv gl￿huhqfh lv txlwh odujh
+dqg lv vwdwlvwlfdoo| vljql￿fdqw, dqg lv ri wkh vdph rughu ri pdjqlwxgh
dv wkdw uhsruwhg lq Eduehu dqg Rghdq +5333e,= 78 (1
￿ Lq frqwudvw zlwk K5D/ zh gr qrw ￿qg wkdw rxu phdvxuh ri ryhufrq￿0
ghqfh lv fruuhodwhg zlwk pruh iuhtxhqw rughu sodfhphqw1 Wklv glvfuhs0
dqf| fdq uh￿hfw vhyhudo skhqrphqd= Rq wkh rqh kdqg/ lw lv srvvleoh
wkdw/ lq frqwudvw zlwk wkh dujxphqw r￿huhg e| Eduehu dqg Rghdq
+5333e,/ ryhufrq￿ghqfh grhv qrw ohdg wr pruh iuhtxhqw rughuv1 Rq wkh
rwkhu kdqg/ lw lv srvvleoh wkdw rxu phdvxuhphqw ri ryhufrq￿ghqfh lv qrw
yhu| jrrg dqg wkdw jhqghu r￿huv dgglwlrqdo lqirupdwlrq/ qrw fdswxuhg
e| rxu txhvwlrqqdluh/ xvhixo wr dvvhvv wkh ohyho ri ryhufrq￿ghqfh ri d
vxemhfw1 Lq idfw/ lq rxu txhvwlrqqdluh gdwd/ zkloh wkh dyhudjh ryhufrq0
￿ghqfh ri phq +3135, lv odujhu wkdq wkdw ri zrphq +03136,/ zh gr qrw
￿qg wkdw wkh gl￿huhqfh lv vljql￿fdqw +wkh w~vwdwlvwlf iru wkh gl￿huhqfh
lq phdqv whvw lv 314:7,1
￿ Zh dovr ￿qg wkdw wkh dydlodelolw| khxulvwlfv ohdgv wr ohvv iuhtxhqw ru0
ghu sodfhphqw/ d uhvxow zh glg qrw dqwlflsdwh1 D srvvleoh h{~srvw
lqwhusuhwdwlrq pljkw eh wkdw zkhq ghvljqlqj wkhlu wudglqj vwudwhjlhv/
46vxemhfwv xvlqj wkh dydlodelolw| khxulvwlfv ￿qg wudqvdfwlrqv ohdglqj wr
orvvhv sduwlfxoduo| vdolhqw/ zklfk uhgxfhv wkhlu surshqvlw| wr hqjdjh lq
wudghv1
e￿2 N?ThL￿|@M*i Lh_iht
Lqdgglwlrq wr ehlqj d qdwxudo phdvxuh ri srru shuirupdqfh/ wkh sodfhphqw ri
xqsur￿wdeoh rughuv lv lqfrqvlvwhqw zlwk wkh duelwudjh iuhh shuihfw Ed|hvldq
htxloleulxp ri wkh suhvhqw wudglqj jdph +dv vkrzq lq Eldlv dqg Srxjhw
+4<<<,,1 Jlyhq wkh gluhfwlrq ri wkh rughu +ex| ru vhoo,/ frpsdulqj lwv sulfh wr
wkh ￿qdo ydoxh ri wkh dvvhw/ zh ghwhuplqh li wklv rughu zrxog jhqhudwh sur￿wv
ru orvvhv li lw zdv h{hfxwhg1e Wdeoh 6 suhvhqwv wkh hvwlpdwhv ri wkh frh￿flhqwv
ri wkh uhjuhvvlrq dfurvv vxemhfwv ri wkh sursruwlrq ri vxfk rughuv +dyhudjhg
dfurvv uhsolfdwlrqv ri wkh jdph, rqwr sv|fkrorjlfdo wudlwv dqg jhqghu1 Sdqho
D fruuhvsrqgv wr rughuv sodfhg lq wkh fdoo ru lq wkh frqwlqxrxv wudglqj
skdvhv1 Sdqho E fruuhvsrqgv wr rughuv sodfhg lq wkh frqwlqxrxv pdunhw
rqo|1
￿ Djdlq/ wkh dgmxvwhg U2 +69( dqg 74(, duh uhdvrqdeo| odujh1
￿ Rq dyhudjh/ 57 ( ri wkh rughuv sodfhg lq wkh fdoo ru wkh frqwlqxrxv
wudglqj skdvh duh xqsur￿wdeoh/ ru lqfrqvlvwhqw zlwk htxloleulxp1 Zkhq
irfxvlqj rq rughuv sodfhg lq wkh frqwlqxrxv wudglqj skdvh rqo|/ wkh
sursruwlrq lv 551:; (1
￿ Wkhuh lv qr vwurqj hylghqfh wkdw pruh lpsxovlyh vxemhfwv kdyh d juhdwhu
whqghqf| wr sodfh xqsur￿wdeoh rughuv1 Khqfh/ zkloh/ dv vkrzq deryh
lpsxovlyhqhvv lqfuhdvhv wudglqj iuhtxhqf|/ wkh k|srwkhvlv wkdw lw lv
g|vixqfwlrqdo lv uhmhfwhg/ h{fhsw/ pdujlqdoo|/ zkhq irfxvlqj rq rughuv
sodfhg lq wkh frqwlqxrxv wudglqj skdvh1
￿ Frqvlvwhqw zlwk K5/ dqg zlwk wkh dqdo|vlv ri Rghdq +4<<;,/ pruh ryhu0
frq￿ghqw vxemhfwv h{klelw d vljql￿fdqwo| juhdwhu whqghqf| wr sodfh xq0
sur￿wdeoh rughuv1 Wkdw ryhufrq￿ghqfh lv irxqg wr eh vljql￿fdqw lq wkh
suhvhqw uhjuhvvlrq vxjjhvwv wkdw lw lv qrw phdvxuhg zlwkwrr pxfkqrlvh1
Qrw rqo| lv wkh lpsdfw ri ryhufrq￿ghqfh vwdwlvwlfdoo| vljql￿fdqw/ exw lv
dovr dujxdeo| hfrqrplfdooo| vljql￿fdqw1 Zkloh iru wkh dyhudjh vxemhfw
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47wkh sursruwlrq ri xqsur￿wdeoh rughuv lv 5715 (/ iru vxemhfwv zlwk ryhu0
frq￿ghqfh rqh vwdqgdug ghyldwlrq deryh wkh dyhudjh wklv sursruwlrq
jrhv xs wr 5;1;(1 Ixuwkhupruh rxu uhvxowv/ edvhg rq wkh fruuhodwlrq
ehwzhhq dfwlrqv wdnhq e| vwxghqwv lq dq h{shulphqwdo jdph dqg wkhlu
dqvzhuv wr d sv|fkrorj| txhvwlrqqdluh/ ehdu vlplodulwlhv zlwk wkh uh0
vxowv ri Ihqwrq R*Fuhhy| hw do +4<<;,/ edvhg rq wkh fruuhodwlrq ehwzhhq
wkh dfwxdo sur￿wdelolw| ri uhdo zruog wudghuv dqg wkhlu ehkdylrxu lq d
sv|fkrorj| h{shulphqw1 Qrwh dovr wkdw/ lq frqwudvw zlwk Eduehu dqg
Rghdq +4<<<,/ zh gr qrw ￿qg wkdw phq h{klelw d juhdwhu whqghqf|
wkdq zrphq wr sodfh xqsur￿wdeoh rughuv1
￿ Frqvlvwhqw zlwk K6/ vxemhfwv surqh wr wkh frq￿updwlrq eldv h{klelw
d juhdwhu whqghqf| wr sodfh xqsur￿wdeoh rughuv1 Wklv lv vljql￿fdqw
rqo| lq wkh frqwlqxrxv wudglqj skdvh ri wkh pdunhw/ krzhyhu1 Wkh
lqwhusuhwdwlrq fdq eh wkh iroorzlqj= Edvhg rq wkhlu lqlwldo vljqdo dqg
wkh sulfh hvwdeolvkhg lq wkh fdoo pdunhw wkh vxemhfwv hvwdeolvk dq lqlwldo
ylhz ri wkh wuxh ydoxh ri wkh dvvhw1 Vlqfh wkh lqirupdwlrq dydlodeoh dw
wkdw vwdjh lv olplwhg/ wklv lqlwldo ylhz fdq eh zurqj1 Vxemhfwv zkr duh
surqh wr wkh frq￿updwlrq eldv idlo wr fruuhfw vxfk lqlwldo plvwdnhv1
Wklv uhvxowv lq xqsur￿wdeoh rughuv1 Dorqj wkh olqh ri K:E wklv fdq eh
lqwhusuhwhg lq whupv ri %lpsurshu ohduqlqj% lq wkh vdph vslulw dv wkh
wkhruhwlfdo uhvxow ri Jhuydlv dqg Rghdq +4<<;,1D
￿ Wkh dydlodelolw| eldv/ zkloh lw d￿hfwv wkh qxpehu ri rughuv/ grhv qrw
dsshdu wr lq￿xhqfh wkh whqghqf| wr sodfh xqsur￿wdeoh rughuv1
￿ Vxemhfwv zkr duh kljk lq vhoi~prqlwrulqj gr qrw whqg wr sodfh uhodwlyho|
ohvv xqsur￿wdeoh rughuv1 Wklv ohdgv wr uhmhfwlqj k|srwkhvlv K9/ doo wkh
pruh vr wkdw/ xqolnh wkh rwkhu frqvwuxfwv zh frqvlghu/ vhoi~prqlwrulqj
lv uhodwlyho| zhoo phdvxuhg e| rxu txhvwlrqqdluh1
e￿￿ wi@h?￿?}
Li vxemhfwv ohduq wr sod| htxloleulxp vwudwhjlhv dv wkh| ehfrph pruh h{shul0
hqfhg/ wkh sursruwlrqri rughuv lqfrqvlvwhqw zlwkhtxloleulxp +ru htxlydohqwo|
ri xqsur￿wdeoh rughuv, vkrxog eh orzhu wrzdugv wkh hqg ri wkh h{shulphqw
wkdq dw wkh ehjlqqlqj1 Wr surylgh lqirupdwlrq rq wklv/ zh vxevwudfwhg/ iru
hdfk vxemhfw/ wkh dyhujh sursruwlrq ri xqsur￿wdeoh rughuv gxulqj wkh ￿uvw
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48wzr shulrgv iurp wkh dyhudjh sursruwlrq ri xqsur￿wdeoh rughuv gxulqj wkh
odvw wzr shulrgv1 Zlwk ohduqlqj/ wklv gl￿huhqfh vkrxog eh qhjdwlyh1 Wr
h{dplqh wkh frqvhtxhqfhv ri sv|fkrorjlfdo wudlwv rq ohduqlqj zh uhjuhvvhg
wklv gl￿huhqfh dfurvv vwxghqwv rqwr wkh 9 sv|fkrorjlfdo yduldeohv1 Dv lq
wkh suhylrxv uhjuhvvlrqv zh dovr lqfoxghg frqwuro yduldeohv lq wkh uhjuhvvruv1
Ixuwkhupruh/ wr wdnh lqwr dffrxqw huuru fruuhfwlrq skhqrphqd/ zh lqfoxghg
lq wkh uhjuhvvruv wkh sursruwlrq ri xqsur￿wdeoh rughuv gxulqj wkh ￿uvw wzr
shulrgv1 Wklv hqdeohv xv wr whvw li vxemhfwv zkr pdgh pdq| plvwdnhv whqg
wr ohduq dqg uhgxfh wkh sursruwlrq ri xqsur￿wdeoh rughuv wkh| sodfh1 Khuh
djdlq/ lq rughu wr eh deoh wr lqwhusuhw wkh lqwhufhsw dv wkh xqfrqglwlrqdo
h{shfwdwlrq/ zh vxevwudfw wkh furvv vhfwlrqdo phdq iurp wkh h{sodqdwru|
yduldeoh1 Wkh uhvxowv ri wkh uhjuhvvlrq duh lq Wdeoh 71 Sdqho D suhvhqwv
uhvxowv rewdlqhg iru doo rughuv/ zkloh Sdqho E suhvhqwv uhvxowv rewdlqhg zkhq
irfxvlqj rqo| rq wkh rughuv sodfhg lq wkh frqwlqxrxv pdunhw1
Wkh pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv=
￿ Djdlq/ wkh dgmxvwhg U2 duh txlwh odujh +dssur{lpdwho| 94(,1
￿ Wkh sursruwlrq ri xqsur￿wdeoh rughuv gxulqj wkh ￿uvw wzr uhsolfdwlrqv
ri wkh jdph lv kljko| vljql￿fdqwo| qhjdwlyh/ erwk vwdwlvwlfdoo| dqg hfr0
qrplfdoo|/ zklfk vxjjhvwv wkdw huuru fruuhfwlrq skhqrphqd duh dfwxdoo|
dw zrun1 Dqrwkhu uhvxow srlqwlqj dw ohduqlqj lv wkdw/ lq erwk sdqhov/
wkh lqwhufhsw lv vljql￿fdqwo| qhjdwlyh/ l1h1/ vxemhfwv sodfh xqsur￿wdeoh
rughuv ohvv iuhtxhqwo| wrzdugv wkh hqg ri wkh h{shulphqw1
￿ Ixukhupruh/ rxu uhvxowv vxjjhvw wkdw vxemhfwv surqh wr wkh uhsuhvhqwd0
wlyhqhvv eldv ohduq ohvv zhoo wkdq wkh rwkhuv1 Wklv lv sduwlfxoduo| vwurqj
zkhq irfxvlqj rq rughuv sodfhg gxulqj wkh frqwlqxrxv wudglqj skdvh ri
wkh pdunhw/ iru zklfk wkh yduldeoh lv vljql￿fdqw dw wkh 4( ohyho1 Rxu
lqwhusuhwdwlrq lv wkh iroorzlqj= Dw wkh ehjlqqlqj ri wkh jdph vxemhfwv
kdyh rqo| ydjxh ylhzv ri zkdw wr h{shfw lq wkh pdunhw1 Gxulqj wkh
￿uvw wzr uhsolfdwlrqv ri wkh jdph/ vxemhfwv hvwdeolvk vwurqjhu ylhzv
ri zkdw lv w|slfdo lq wkh h{shulphqw/ lq sduwlfxodu dw wkh vwdjh ri wkh
fdoo dxfwlrq1 Li wkh| duh surqh wr wkh uhsuhvhqwdwlyhqhvv eldv/ wkh|
vxehtxhqwo| eholhyh h{fhvvlyho| lq wkh rffxuhqfh ri fhuwdlq hyhqwv/ lq
wkh odvw wzr uhsolfdwlrqv ri wkh jdph/ zkhq revhuylqj zkdw wkh| lqwhu0
suhw dv w|slfdo/ ru uhsuhvhqwdwlyh/ vlwxdwlrqv1 Wklv vxjjhvwv wkdw wkhvh
vxemhfwv duh frqgxfwlqj lpsurshu ohduqlqj/ frqvlvwhqw zlwk k|srwkhvlv
K:E1
49￿ Rxu phdvxuh ri frq￿updwlrq eldv lv dovr irxqg wr klqghu h￿flhqw ohduq0
lqj/ frqvlvwhqw zlwk wkh lqwhusuhwdwlrq r￿huhg lq wkh suhylrxv vxevhf0
wlrq/ dqg zlwk K:E1
D ￿L?U*￿t￿L?
Wkh uhvxowv ri wklv suholplqdu| lqyhvwljdwlrq fdq eh vxppdul}hg dv iroorzv=
￿ Wkh hpslulfdo hylghqfh vxjjhvwv wkdw wkhuh lv lqghhg d fruuhodwlrq eh0
wzhhq vrph ri wkh shuvrqdolw| wudlwv dqg mxgjhphqw eldvhv phdvxuhg
e| wkh sv|fkrorj| txhvwlrqqdluh dqg wkh ehkdylrxu dqg shuirupdqfh
ri wkh vxemhfwv lq wkh h{shulphqwdo wudglqj jdph1 Wklv lv doo wkh pruh
vwulnlqj wkdw wkh txhvwlrqv dvnhg wr wkh vxemhfwv wr phdvxuh wkh sv|0
fkrorjlfdo wudlwv kdg qrwklqj wr gr zlwk ￿qdqfldo pdunhwv1 Khqfh rxu
hylghqfh srlqwv dw urexvwqhvv ri wkh sv|fkrorjlfdo frqvwuxfwv lqghshq0
ghqw ri wkh frqwh{w lq zklfk wkh txhvwlrqv duh srvhg1
￿ Pruh lpsxovlyh vxemhfwv whqg wr sodfh d odujhu qxpehu ri rughuv/ exw
wkh| gr qrw whqg wr sodfh xqsur￿wdeoh rughuv pruh iuhtxhqwo|1 Khqfh
zkloh lpsxovlyhqhvv lv irxqg wr d￿hfw ehkdylrxu/ lw lv qrw irxqg wr eh
g|vixqfwlrqdo1
￿ Ryhufrq￿ghqfh grhv ohdg vxemhfwv wr sodfh xqsur￿wdeoh rughuv1 Wklv lv
frqvlvwhqw zlwk wkh dqdo|vlv ri Rghdq +4<<;,, dqg wkh uhvxowv rewdlqhg
zlwk uhdo wudghuv e| Ihqwrq R*Fuhhy| hw do +4<<;,1
￿ Wkh uhsuhvhqwdwlyhqhvv dqg frq￿updwlrq eldvhv dovr ohdg wr xqsuri0
lwdeoh rughuv/ pdlqo| e| klqghulqj h￿flhqw ohduqlqj ri wkh rswlpdo
wudglqj vwudwhjlhv1 Wklv vxjjhvwv wkdw/ iru vxemhfwv zkr h{klelw uhsuh0
vhqwdwlyhqhvv dqg frq￿updwlrq eldvhv/ h{shulhqfh jhqhudwhv lpsurshu
ohduqlqj +lq wkh vdph vslulw dv wkh wkhruhwlfdo dqdo|vlv ri Jhuydlv dqg
Rghdq/ 4<<<,1 Udwkhu wkdq khoslqj wkhvh vxemhfwv ￿qglqj rxw zkdw
wkh sur￿wdeoh vwudwhjlhv duh/ h{shulhqfh lqgxfhv wkhp wr exlog lqfruuhfw
phqwdo lpdjhv +ri zkdw d w|slfdo vlwxdwlrq lv/ ru zkdw lv wr eh h{shfwhg
lq wkh jdph, ohdglqj wr xqsur￿wdeoh rughu sodfhphqw vwudwhjlhv1
Zkloh wklv gudiw lv yhu| suholplqdu| zh zloo hqghdyrxu wr lpsuryh rxu
dqdo|vlv lq wkh qh{w gudiwv1 Lq sduwlfxodu zh sodq wr xqghuwdnh wkh iroorzlqj
dqdo|vhv=
4:￿ Rqh uhdvrq zk| frq￿updwlrq eldv ohdgv wr xqsur￿wdeoh rughuv lq wkh
frqwlqxrxv wudglqj skdvh frxog eh wkdw vxemhfwv hvwdeolvk zurqj eholhiv
gxulqj wkh fdoo dqg idlo wr fruuhfw wkhvh diwhuzdugv1 Wr whvw iru wklv
zh sodq wr irfxv rq wkh vxevhw ri uhsolfdwlrqv lq zklfk wkh vxemhfw
kdv irupxodwhg huurqhrxv iruhfdvwv diwhu wkh lqlwldo fdoo pdunhw1 Zh
k|srwkhvl}h wkdw wkh lpsdfw ri frq￿updwlrq eldv rq wkh sursruwlrq ri
xqsur￿wdeoh rughuv zloo eh vwurqjhu wkhuh1
￿ Dovr zh zloo hqghdyrxu wr dqdo|}h krz mxgjhphqw eldvhv d￿hfw wkh
delolw| ri wkh vxemhfwv wr irup fruuhfw iruhfdvwv derxw wkh wuxh ydoxh
ri wkh vwrfn1 Wr gr vr zh sodq wr uxq 6 orjlw~uhjuhvvlrqv= Lq wkh ￿uvw
uhjuhvvlrq/ wkh suredelolw| wr irup d zurqj iruhfdvw diwhu wkh rshqlqj
fdoo dxfwlrq zloo eh uhjuhvvhg rqwr wkh ohyho ri uhsuhvhqwdwlyhqhvv eldv
pxowlsolhg e| wkh devroxwh ghyldwlrq ehwzhhq wkh wuxh ydoxh dqg wkh
rshqlqj sulfh1 Rxu k|srwkhvlv lv wkdw wklv lqwhudfwlrq yduldeoh vkrxog
kdyh d vljql￿fdqw lpsdfw rq plvwdnhq iruhfdvwv1 Wkh lghd lv wkdw vxe0
mhfwv surqh wr wkh uhsuhvhqwdwlyhqhvv eldv pljkw lqfruuhfwo| lqihu iurp
wkh rshqlqj ehlqj forvh wr/ vd|/ 573/ wkdw wklv lv lqghhg wkh ydoxh ri wkh
vwrfn1 Zkhq wkh ghyldwlrq ehwzhhq wkh rshqlqj sulfh dqg wkh ydoxh lv
odujh wklv frxog ohdg wr txlwh xqsur￿wdeoh rughuv1 Lq wkh vhfrqg uhjuhv0
vlrq/ wkh suredelolw| wr h{suhvv d kljk ohyho ri frq￿ghqfh lq d zurqj
iruhfdvw zloo eh uhjuhvvhg rq wkh ohyho ri ryhufrq￿ghqfh1 Lq wkh wklug
uhjuhvvlrq wkh suredelolw| wr fruuhfw +diwhu wkh frqwlqxrxv pdunhw, dq
lqlwldoo| zurqj iruhfdvw +irupxodwhg diwhu wkh fdoo pdunhw, zloo eh uh0
juhvvhg rqwr wkh lqgh{ ri frq￿updwlrq eldv1 Rxu k|srwkhvlv lv wkdw
vxemhfwv surqh wr wkh frq￿updwlrq eldv duh ohvv olnho| wr fruuhfw wkhlu
lqlwldo plvwdnhv1
4;Eleolrjudsk|
Dqghuvrq/ P1/ dqg V1 Vxqghu/ 4<<8/ Surihvvlrqdo wudghuv dv lqwxlwlyh
Ed|hvldqv/ Rujdql}dwlrqdo ehkdylrxu dqg Kxpdq Ghflvlrq Surfhvvhv/ 4;80
5351
Eduehu/ E1/ dqg W1 Rghdq/ 5333d/ Wudglqj lv kd}dugrxv wr |rxu zhdowk=
wkh frpprq vwrfn lqyhvwphqw shuirupdqfh ri lqglylgxdo lqyhvwruv/ iruwk0
frplqj Mrxuqdo ri Ilqdqfh1
Eduehu/ E1/ dqg W1 Rghdq/ 5333e/ Er|v zloo eh er|v= Jhqghu/ ryhufrq0
￿ghqfh dqg frpprq vwrfnv lqyhvwphqwv/ iruwkfrplqj Txduwhuo| Mrxuqdo ri
Hfrqrplfv1
Ehuvfkhlg/ H1/ D1Pdwz|fkxn dqg P1 Vq|ghu/ 4<;7/ Uhvhdufk rq shuvrq0
qho vhohfwlrq/ Zrunlqj sdshu/ Xqlyhuvlw| ri Plqqhvrwd/ Plqqhdsrolv1
Eldlv/ E1/ S1 Kloolrq dqgF1 Vsdww/ 4<<8/ Dq hpslulfdo dqdo|vlv ri wkh rughu
errn dqg rughu ￿rz lq wkh Sdulv Erxuvh/ Mrxuqdo ri Ilqdqfh/ 4988~49;<1
Eldlv/ E1/ dqg V1 Srxjhw/ 4<<</ Ohduqlqj wr sod| htxloleulxp lq h{shu0
lphqwdo ￿qdqfldo pdunhwv= grhv plfurvwuxfwxuh pdwwhu B/ Zrunlqj sdshu/
Wrxorxvh Xqlyhuvlw|1
Fdphuhu/ F1/ 4<;:/ Gr eldvhv lq suredelolw| mxgjhphqw pdwwhu lq pdu0
nhwvB H{shulphqwdo hylghqfh1 Dphulfdq Hfrqrplf Uhylhz/ <;4~<<:1
Fdphuhu/ F1 dqg N1 Zhljhow/ 4<<4/ Lqirupdwlrq pludjhv lq h{shulphqwdo
dvvhw pdunhwv/ Mrxuqdo ri Exvlqhvv/ 796~7<61
Fdphuhu/ F1/ 4<<:/ Surjuhvv lq ehkdylrxudo jdph wkhru|/ Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ 49:~4;;1
Gdzvrq/ Vklhogv dqg Voxjrvnl/ 4<<6/ Uhodwlrq ri frqglwlrqdo uhdvrqlqj
wr khxulvwlf surfhvvlqj1 Shuvrqdolw| dqg Vrfldo Sv|fkrorj| Exoohwlq/ 4<+5,/
48;04991
GhErqr/ N1/ dqg P1 Vq|ghu/ 4<;8/ Dsshdov wr lpdjh dqg fodlpv derxw
txdolw|= xqghuvwdqglqj wkh sv|fkrorj| ri dgyhuwlvlqj/ Mrxuqdo ri Shuvrqdolw|
dqg Vrfldo Sv|fkrorj|/ s 8;9~8<:1
Glfnpdq/ V1/ 4<;8/ Lpsxovlylw| dqg shufhswlrq = lqglylgxdo gl￿huhqfhv
lq wkh surfhvvlqj ri orfdo dqg joredo glphqvlrqv ri vwlpxol/ Mrxuqdo ri Shu0
vrqdolw| dqg Vrfldo Sv|fkrorj|/ 466047<1
Glfnpdq/ V1/ 4<<3/ Ixqfwlrqdo dqg g|vixqfwlrqdo lpsxovlylw| = shuvrqdo0
lw| dqg frjqlwnlyh fruuhodwhv/ Mrxuqdo ri Shuvrqdolw| dqg Vrfldo Sv|fkrorj|/
<804351
H|vhqfn/ V1/ dqg H|vhqfn/ K/ 4<::/ Wkh sodfh ri lpsxovlyhqhvv lq d
glphqvlrqdo v|vwhp ri shuvrqdolw| ghvfulswlrq/ Eulwlvk Mrxuqdo ri Vrfldo dqg
Folqlfdo Sv|fkrorj|/ 8:09;1
4<Ihqwrq R*Fuhhy|/ P1/ Q1 Qlfkrovrq/ H1 Vrdqh/ dqg S1 Zloopdq/ 4<<;/
Lqglylgxdo dqg frqwh{wxdo lq￿xhqfhv rq wkh pdunhw ehkdylrxu ri ￿qdqfh
surihvvlrqdov/ HVUF frqihuhqfh sdshu1
Ilvfkkr￿/ E1/ S11 Vorylf dqg V1 Olfkwhqvwhlq/ 4<::/ Mrxuqdo ri H{shul0
phqwdo Sv|fkrorj| = Kxpdq Shufhswlrq dqg Shuirupdqfh
Ilvfkkr￿/ E1/ V1 Olfkwhqvwhlq/ dqg O1 Skloolsv +4<;5, %Fdoleudwlrq ri
suredelolwlhv= Wkh vwdwh ri wkh duw wr 4<;R lq Mxgjhphqw xqghu xqfhuwdlqw|=
khxulvwlfv dqg eldvhv/ hglwhg e| G1 Ndkqhpdq/ S1 Vorylf dqg D1 Wyhuvn|/
Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1
Iruv|wkh/ U1/ I1 Qhovrq/ J1 Qhxpdqq/ M1 Zuljkw/ 4<<5/ Dqdwrp| ri
dq h{shulphqwdo srolwlfdo vwrfn pdunhw/ Dphulfdq Hfrqrplf Uhylhz/ 4475~
44941
Jdqjhvwdg/ V1/ dqg P1 Vq|ghu/ +4<;9,/ Rq wkh qdwxuh ri vhoi~prqlwrulqj=
pdwwhuv ri dvvhvvphqw/ pdwwhuv ri ydoglw|1 Mrxuqdo ri Shuvrqdolw| dqg Vrfldo
Sv|fkrorj|/ s 458~46<1
Jhuydlv/ V1/ dqg W1 R*Ghdq/ 4<<</ Ohduqlqj wr eh ryhufrq￿ghqw/ Zrunlqj
Sdshu/ Xqlyhuvlw| ri Shqqv|oydqld1
Ndjho/ M1/ dqg G1 Ohylq/ 4<;9/ Wkh zlqqhu*v fxuvh dqg sxeolf lqirupdwlrq
lq frpprq ydoxh dxfwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ ;<7~<531
Odqjhu/ H1/ dqg M1 Urwk/ 4<:8/ Khdgv L zlq/ Wdlov lw*v fkdqfh = wkh looxvlrq
ri frqwuro dv d ixqfwlrq ri wkh vhtxhqfh ri rxwfrphv lq d sxuho| fkdqfh wdvn/
Mrxuqdo ri Shuvrqdolw| dqg Vrfldo Sv|fkrorj|/ <840<881
Ndkqhpdq/ G1/ S1 Vorylf dqg D1 Wyhuvn|/ 4<;5/ Mxgjhphqw xqghu xqfhu0
wdlqw|= khxulvwlfv dqg eldvhv/ Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1
Plojurp/ U1/ dqg Q1 Vwrnh|/ 4<;5/ Lqirupdwlrq/ wudgh dqg frpprq
nqrzohgjh/ Mrxuqdo ri Hfrqrplf Wkhru|/ 4:~5:1
Rghdq/ W1/ 4<<;/ Yroxph/ yrodwlolw|/ sulfh dqg sur￿w zkhq doo wudghuv duh
deryh dyhudjh/ Mrxuqdo ri Ilqdqfh/ 4;;:~4<671
Sorxv/ V1/ 4<<4/ Eldvhv lq wkh dvvlplodwlrq ri whfkqrorjlfdo euhdngrzqv
= gr dfflghqwv pdnh xv vdihu B Mrxuqdo ri Dssolhg Vrfldo Sv|fkrorj|/ 438;0
43;51
Udelq/ P1 dqg M1 Vfkudj/ 4<<</ Iluvw lpsuhvvlrqv pdwwhu = d prgho ri
frq￿updwru| eldv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 6:0;51
Uxvvr M1 dqg S1M1K1 Vfkrhpdnhu/ 4<;</ Frq￿ghqw ghflvlrq0pdnlqj= Krz
wr pdnh wkh uljkw ghflvlrq hyhu| wlph/ Orqgrq= Sldwnxv1
Vwhskdq/ H1/ 4<<;/ Dqfkrulqj dqg dgmxvwphqw lq hfrqrplf iruhfdvwv= wkh
uroh ri lqfhqwlyhv/ delolw| dqg h{shuwlvh1 Frqihuhqfh rq Mxgjhphqwdo Lqsxwv
wr wkh Iruhfdvwlqj Surfhvv/ Xqlyhuvlw| Froohjh Orqgrq1
53Zdvrq/ S1F1/ dqg S1 Q1 Mrkqvrq~Odlug/ 4<:5/ Wkh sv|fkrorj| ri uhdvrq0
lqj= Vwuxfwxuh dqg Frqwhqw/ Orqgrq/ Edwvirug1
54Dsshqgl{=Lqvwuxfwlrqv wr wkh vxemhfwv lq wkh wudglqj jdph
Lq wklv wudglqj jdph |rx zloo kdyh wkh rssruwxqlw| wr ex| dqg vhoo vkduhv1
Wkh lqvwuxfwlrqv ri wkh jdph duh ehorz1 Li |rx iroorz wkhp fduhixoo| dqg
pdnh jrrg ghflvlrqv |rx fdq zlq d frqvlghudeoh dprxqw ri erqxv srlqwv1
\rx zloo sod| 7 uhsolfdwlrqv ri wkh wudglqj jdph1 Dw wkh ehjlqqlqj ri
hdfk uhsolfdwlrq |rx zloo uhfhlyh 58333 iudqfv dqg 7 vkduhv1 Gxulqj wkh jdph
|rx zloo kdyh wkh rssruwxqlw| wr sodfh rughuv wr ex| ru vhoo wkh vkduhv1 +\rx
fdq vhoo pruh vkduhv wkdq |rx rzq/ l1h1/ vkruw vdohv duh doorzhg,1 Dw wkh hqg
ri hdfk uhsolfdwlrq/ |rx zloo frpsxwh wkh ydoxh ri |rxu ￿qdo zhdowk/ htxdo
wr wkh vxp ri=
￿ |rxu lqlwldo fdvk= 58333 I/
￿ plqxv wkh frvw ri |rxu vkduh sxufkdvhv/
￿ soxv wkh surfhhgv iurp |rxu vkduh vdohv/
￿ soxv wkh ￿qdo ydoxh ri |rxu sruwirolr1
Wkh ￿qdo ydoxh ri |rxu sruwirolr lv htxdo wr wkh qxpehu ri vkduhv |rx rzq
dw wkh hqg ri wkh uhsolfdwlrq/ pxowlsolhg e| wkh ￿qdo ydoxh ri hdfk vkduh1 Wkh
￿qdo ydoxh ri wkh vkduhv/ dw wkh hqg ri hdfk uhsolfdwlrq/ lv gudzq udqgrpo|
+dqg lqghshqghqwo| iurp wkh suhylrxv gudzv,1 Lw fdq eh 7<3/ 573 ru 83/
zlwk htxdo suredelolw|= rqh wklug1 Iru h{dpsoh/ li |rxu rqo| wudgh zdv wkh
sxufkdvh ri rqh vkduh dw sulfh 533/ dqg wkh ￿qdo ydoxh ri wkh vkduhv lv 573/
|rxu ￿qdo zhdowk lv= 58333 0 533 . 8- 5731 Vlqfh |rx fdq vhoo pruh vkduhv
wkdq |rx rzq/ |rx fdq hqg xs zlwk d qhjdwlyh qxpehu ri vkduhv khog dw wkh
hqg ri wkh uhsolfdwlrq1 Iru h{dpsoh/ li |rx vrog 9 vkduhv dw 433 hdfk dqg wkh
￿qdo ydoxh ri wkh vkduhv lv 83/ |rxu ￿qdo zhdowk lv= 58333 .933 0 5-83/ jlyhq
wkdw |rx kdyh vrog 5 vkduhv pruh wkdq |rx rzqhg1
Dw wkh ehjlqqlqj ri hdfk uhsolfdwlrq |rx zloo uhfhlyh d sulydwh lqirupdwlrq
+nhhs lw vhfuhw/ grq*w uhyhdo lw wr wkh rwkhuv $,1 Li wkh ydoxh ri wkh vkduhv lv
7<3/ kdoi wkh sod|huv nqrz lw lv qrw 573/ zkloh wkh rwkhuv nqrz lw lv qrw 831
Li wkh ydoxh ri wkh vkduhv lv 573/ kdoi wkh sod|huv nqrz lw lv qrw 7<3/ zkloh
wkh rwkhuv nqrz lw lv qrw 831 Li wkh ydoxh ri wkh vkduhv lv 83/ kdoi wkh sod|huv
nqrz lw lv qrw 573/ zkloh wkh rwkhuv nqrz lw lv qrw 7<31
Hdfk uhsolfdwlrq ri wkh wudglqj jdph lqfoxghv wzr skdvhv=
Iluvw/ |rx fdq sodfh olplw rughuv wr ex| ru vhoo +xs wr 43 vkduhv dw hdfk
sulfh,/ e| zulwlqj wkhp rq d slhfh ri sdshu1 Wkhvh rughuv duh wkhq djjuhjdwhg
55lqwr vxsso| dqg ghpdqg fxuyhv/ furvvhg wr ghwhuplqh wkh rshqlqj sulfh/ lq
d fdoo dxfwlrq1 Wkh rshqlqj sulfh lv vhw wr pd{lpl}h wudglqj yroxph/ dv
h{sodlqhg lq fodvv1 Wklv sulfh/ exw qrw wkh rughuv/ lv dqqrxqfhg sxeolfo| wr
wkh sod|huv1 Diwhu wklv dqqrxfhphqw/ |rx uhfhlyh h{hfxwlrq uhsruwv/ whoolqj
|rx zklfk ri |rxu rughuv duh ￿oohg1 Doo olplw vhoo rughuv sodfhg dw sulfhv
ehorz ru htxdo wr wkh rshqlqj sulfh duh h{hfxwhg dw wklv sulfh1 Doo olplw
ex| rughuv sodfhg dw sulfhv deryh ru htxdo wr wklv sulfh duh h{hfxwhg dw wkh
rshqlqj sulfh1 Wkh uhpdlqlqj rughuv duh qrw h{hfxwhg1 Iru vlpsolflw|/ wkh|
dxwrpdwlfdoo| fdqfhoohg diwhu wkh rshqlqj fdoo1
Vhfrqg wkhuh lv frqwlqxrxv pdunhw/ zklfk odvwv : plqxwhv/ gxulqj zklfk
|rx zloo kdyh wkh rssruwxqlw| wr=
￿ dqqrxqfh r￿huv wr vhoo ru ex|/ zklfk L zloo zulwh rq wkh erdug +wr pdnh
olih hdvlhu iru ph zkhq L zulwh wkh r￿huv rq wkh erdug/ wkh| duh doo iru
rqh vkduh rqo|/ exw |rx fdq sodfh pdq| r￿huv,/
￿ dqqrxqfh wkdw |rx ghvluh wr wudgh zlwk rqh ri wkh r￿huv dydlodeoh rq
wkh erdug/ dqg zklfk kdyh qrw ehhq h{hfxwhg |hw>
￿ fdqfho ru uhylvh |rxu r￿huv zkhq wkh| kdyh qrw ehhq h{hfxwhg |hw1
Diwhu wkh 7 uhsolfdwlrqv/ |rx zloo frpsxwh wkh vxp ri |rxu ￿qdo zhdowk
gxulqj wkh jdph1 Wr rewdlq wkh qxpehu ri erqxv srlqwv wr eh wkhq dgghg wr
|rxu judgh dw wkh h{dp/ vxevwudfw <5333 wr wklv vxp/ dqg glylgh wkh uhvxow
e| 63331
56Wdeoh 4= fruuhodwlrqv dfurvv sv|fkrorjlfdo lqgh{hv
Fruuhodwlrq dfurvv wkh 9 sv|fkrorjlfdo lqgh{hv
Lqgh{hv Lpsxov1 Dydlode1 Prqlwrulqj Uhsuhv1 Ryhufrqi1 Frq￿up1
Lpsxovlyhqhvv 4 3154 314; 03138 3146 3135
Dydlodelolw| 4 313< 314< 313< 03145
Vhoi Prqlwrulqj 4 03138 3153 3138
Uhsuhvhqwdwlyhqhvv 4 0315: 0314<
Ryhufrq￿ghqfh 4 3136
Frq￿updwlrq eldv 4
57Wdeoh 51D= wrwdo qxpehu ri rughuv
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh wrwdo qxpehu ri rughuv +dyhudjhg






Vhoi Prqlwrulqj 3146 3159
Uhsuhvhqwdwlyhqhvv 3156 317:
Ryhufrq￿ghqfh 03147 0315;
Frq￿updwlrq eldv 0318: 0414:
Jhqghu +Pdoh@03167> Ihpdoh@4, 05134 051<;
Qxpehu ri wudghuv shu frkruw 04199 05143
Pdvwhuv lq Ilqdqfh 3164 3166
SKG lq Pdqdjhphqw +￿uvw |hdu, 41:< 415;
Dgmxvwhg U2 56(
Wdeoh 51E= qxpehu ri rughuv sodfhg gxulqj wkh frqwlqxrxv skdvh
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh qxpehu ri rughuv sodfhg gxulqj
wkh frqwlqxrxv skdvh +dyhudjhg dfurvv wkh 7 uhsolfdwlrqv ri wkh jdph, rq





Vhoi Prqlwrulqj 3159 31;9
Uhsuhvhqwdwlyhqhvv 3177 4186
Ryhufrq￿ghqfh 3147 317;
Frq￿updwlrq eldv 03135 0313<
Jhqghu +Pdoh@03167> Ihpdoh@4, 031:; 041<7
Qxpehu ri wudghuv shu frkruw 04139 05156
Pdvwhuv lq Ilqdqfh 031<7 0419:
SKG lq pdqdjhphqw +4vw |hdu, 31<3 413:
Dgmxvwhg U2 3167
58Wdeoh 61D= sursruwlrq ri xqsur￿wdeoh rughuv
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh sursruwlrq ri xqsur￿wdeoh rughuv






Vhoi Prqlwrulqj 3133 313<
Uhsuhvhqwdwlyhqhvv 3135 414<
Ryhufrq￿ghqfh 3138 5194
Frq￿updwlrq eldv 3135 4167
Jhqghu +Pdoh@03167> Ihpdoh@4, 03134 03178
Qxpehu ri wudghuv shu frkruw 03138 0418;
Pdvwhuv lq Ilqdqfh 03143 051;8
SKG lq pdqdjhphqw +4vw |hdu, 0313; 04183
Dgmxvwhg U2 69(
Wdeoh 61E= sursruwlrq ri xqsur￿wdeoh rughuv sodfhg gxulqj wkh
frqwlqxrxv skdvh
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh sursruwlrq ri xqsur￿wdeoh rughuv
gxulqj wkh frqwlqxrxv skdvh +dyhudjhg dfurvv wkh 7 uhsolfdwlrqv ri wkh





Vhoi Prqlwrulqj 3135 31:6
Uhsuhvhqwdwlyhqhvv 3137 41<5
Ryhufrq￿ghqfh 3138 5153
Frq￿updwlrq eldv 3138 5197
Jhqghu +Pdoh@03167> Ihpdoh@4, 03135 03198
Qxpehu ri wudghuv shu frkruw 03144 0614<
Pdvwhuv lq Ilqdqfh 0313: 0419:
SKG lq pdqdjhphqw +4vw |hdu, 3134 3144
Dgmxvwhg U2 74(
59Wdeoh 71D= fkdqjh lq wkh sursruwlrq ri xqsur￿wdeoh rughuv
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh gl￿huhqfh ehwzhhq wkh sursruwlrqv
ri xqsur￿wdeoh rughuv gxulqj wkh odvw 5 dqg wkh ￿uvw 5 uhsolfdwlrqv ri wkh





Vhoi Prqlwrulqj 3133 3136
Uhsuhvhqwdwlyhqhvv 3137 418<
Ryhufrq￿ghqfh 3136 414:
Frq￿updwlrq eldv 3137 4175
Jhqghu +Pdoh@03167> Ihpdoh@4, 03135 03177
Qxpehu ri wudghuv shu frkruw 0313; 041:8
Pdvwhuv lq Ilqdqfh 03137 03197
SKG lq pdqdjhphqw +4vw |hdu, 3135 3159
Iluvw 5 uhsolfdwlrqv 03163 0<146
Dgmxvwhg U2 94(
5:Wdeoh 71E= fkdqjh lq wkh sursruwlrq ri xqsur￿wdeoh rughuv sodfhg
gxulqj wkh frqwlqxrxv skdvh
Uhjuhvvlrq dfurvv wkh 9: vxemhfwv ri wkh gl￿huhqfh ehwzhhq wkh sursruwlrqv
ri xqsur￿wdeoh rughuv sodfhg lq wkh frqwlqxrxv skdvh gxulqj wkh odvw 5 dqg






Vhoi Prqlwrulqj 3134 314;
Uhsuhvhqwdwlyhqhvv 313< 6145
Ryhufrq￿ghqfh 3138 4193
Frq￿updwlrq eldv 313: 518<
Jhqghu +Pdoh@03167> Ihpdoh@4, 03136 031:<
Qxpehu ri wudghuv shu frkruw 03148 0614:
Pdvwhuv lq Ilqdqfh 3133 3134
SKG lq pdqdjhphqw +4vw |hdu, 3149 41;:
Iluvw 5 uhsolfdwlrqv 0315< 0;1:6
Dgmxvwhg U2 94(
5;